Resting state electroencephalogram (EEG) abnormalities in schizophrenia and bipolar disorder patients suggest alterations in neural oscillatory activity. However, few studies directly compare these anomalies between patient groups, and none have examined EEG coherence. Therefore, this study investigated whether these electrophysiological characteristics differentiate clinical populations from one another, and from non-psychiatric controls. To address this question, resting EEG power and coherence were assessed in 76 bipolar patients (BP), 132 schizophrenia patients (SZ), and 136 non-psychiatric controls (NC). We conducted separate repeated-measures ANOVAs to examine group differences within seven frequency bands across several brain regions. BP showed significantly greater power relative to SZ at higher frequencies including Beta and Gamma across all regions. In terms of intra-hemispheric coherence, while SZ generally exhibited higher coherence at Delta compared to NC and BP, both SZ and BP showed higher coherence at Alpha1 and Alpha2. In contrast, BP and HC showed higher coherence within hemispheres compared to SZ at Beta 1. In terms of inter-hemispheric coherence, SZ displayed higher coherence compared to NC at temporal sites at both Alpha1 and Alpha2. Taken together, BP exhibited increased high frequency power with few disruptions in neural synchronization. In contrast, SZ generally exhibited enhanced synchronization within and across hemispheres. These findings suggest that resting EEG can be a sensitive measure for differentiating between clinical disorders.
Introduction
Electrophysiological activity at rest reliably differentiates healthy individuals from neuropsychiatric populations, including SZ and BP (Barry et al. 2003; Thibodeau et al. 2006) . Importantly, resting state EEG has been indirectly linked to variations in cognitive task performance (Stam et al. 2002; Finnigan and Robertson 2011) ; moreover, EEG synchronization appears to support the communication between distinct neural regions which may facilitate coherent cognition and behaviour (Varela et al. 2001; Ward 2003) . Therefore, disruptions in resting EEG may indicate disturbances in neural interactions that support cognition and arousal in the absence of task-related activity. In this study, the utility of resting EEG measures in characterizing and distinguishing SZ and BP was evaluated.
Resting EEG Power and Coherence
Oscillations of electrical activity recorded by EEG reflect synchronized neuronal activity (Nuñez et al. 2000) . Power within specified frequency bands indexes the average magnitude of oscillations over a specified time range, and coherence measures the extent of oscillatory coupling between two signals independent of their power. Both power and coherence of electrical activity during rest have been associated with fMRI measures of Default Mode Network (DMN) functioning (Britz et al. 2010; Laufs 2008) . The DMN is a resting state network that includes the precuneus, posterior cingulate cortex, medial prefrontal cortex and temporoparietal junction (Gusnard and Raichle 2001; Hlinka et al. 2010) , and is generally more active at rest than during task performance (Greicius et al. 2003; Li et al. 2002) . DMN is thought to be involved in self-referential thought (Northoff et al. 2006; van der Meer et al. 2010; Fingelkurts and Fingelkurts 2011; Kim 2012 ) and autobiographical memory retrieval (Svoboda et al. 2006; Kim 2012) , both of which are disturbed in psychotic disorders (Iqbal et al. 2004; Fisher et al. 2008; Holt et al. 2011) . While fMRI studies have characterized the spatial distribution of resting state networks, EEG measures offer unique information on the strength and synchronization of neuronal activity at high temporal frequencies.
EEG Power and Coherence Abnormalities in Schizophrenia
A consistent EEG finding during rest in SZ is augmented low-frequency power at delta and theta (Gattaz et al. 1992; Clementz et al. 1994; Sponheim et al. 1994 Sponheim et al. , 2000 . This anomaly has been observed in medication-free patients (Miyauchi et al. 1996) , across medication status (Gattaz et al. 1992 ) and regardless of duration of illness . EEG studies of patients and their relatives have reported increased low-frequency power in patients only Venables et al. 2009 ), indicating increased low frequency power could be associated with psychotic symptoms rather than familial risk.
Studies investigating EEG coherence in SZ are less consistent. On one hand, several studies have reported increased coherence at rest (Merrin et al. 1989; Nagase et al. 1992; Mann et al. 1997; Wada et al. 1998) . Specifically, delta oscillations at rest were increased in SZ both within a hemisphere (Wada et al. 1998 ) and across hemispheres (Nagase et al. 1992) . Likewise, increased intra-hemispheric coherence during rest across all frequency bands was observed in patients and their relatives (Mann et al. 1997) . However, Yeragani and colleagues reported reduced inter-hemispheric coherence in the beta and gamma range in SZ (Yeragani et al. 2006) . Taken together, increased low-frequency power and coherence may characterize resting EEG in SZ.
EEG Power and Coherence Abnormalities in Bipolar Disorder
Evidence for EEG abnormalities in BP is less well characterized than in SZ. With respect to spectral power, El Badri and colleagues found increased power at all frequencies (although markedly in the beta band) in BP relative to NC (El-Badri et al. 2001) , whereas Başar and colleagues reported reduced alpha power in euthymic patients (Başar et al. 2012) . Further, dysfunctional long-range connectivity appears to be more consistently observed in BP. For example, reduced long-range alpha coherence between frontal-temporal regions was found during rest in manic patients (Bhattacharya 2001) , and in the beta band during rest in euthymic patients (Chen et al. 2008 ).
The Current Study
Despite the potential for EEG abnormalities to provide insight into the neurophysiology of disease processes, studies that measure EEG power and coherence in both SZ and BP are rare (for exceptions, see ). The one study that directly compared these two populations restricted their analyses to frequency amplitudes (i.e. the square root of power) at central electrodes . Another study compared SZ with their first-degree biological relatives, and BP with their relatives on frequency amplitudes, but did not directly contrast the two patient groups (Venables et al. 2009 ). The current study evaluated whether resting EEG power and coherence measures across a wide frequency range can differentiate BP and SZ from NC, and whether EEG measures can distinguish these two psychiatric disorders. Given previous findings, we predicted that both 1) lowfrequency EEG power and 2) coherence across frequency bands would be increased in SZ, and 3) inter-hemispheric coherence at alpha and beta would be reduced in BP.
Methods
Participants 76 BP (40 females, 18 unmedicated), 132 SZ (41 females, 19 unmedicated 1 ), and 136 NC (76 females) participated in the study. Table 1 presents demographic, medication, and clinical information. NC were recruited by public advertisements, and patients were recruited through physician referrals. Exclusion criteria included serious head injury (with loss of consciousness > 5 minutes), neurological disorders, and intoxication (either drug or alcohol use assessed via urine screen) at the time of testing. NC were free of Axis I disorders, did not have a first-degree biological relative with either schizophrenia or bipolar disorder, and were not taking psychotropic medication. All participants provided written informed consent. This study was approved by the Indiana University Internal review board.
The mood and psychosis disorders sections of the Structured Clinical Interview for DSM Disorders Research Edition (SCID-IP Modules A-D) were administered to each participant by two of the authors (C.A.B. & A.R.B.) or a trained research assistant. In addition, BP also completed the Young Mania Rating Scale (YMRS) and the Montgomery-Asberg Depression Rating Scale (MADRS), whereas the SZ completed the Positive and Negative Syndrome Scale (PANSS). Diagnoses were made on the basis of the structured interviews in conjunction with medical records.
Electrophysiological Data Collection and Processing
Participants sat in a dimly lit room and were instructed to sit still with their eyes closed for 3 minutes Sponheim et al. 1994 Sponheim et al. , 2000 . 32 channels of EEG were recorded using Ag/AgCl electrodes with a nose reference (Falk-Minow Services, Munich, Germany) and Neuroscan SYNAMPS recording system (Neuroscan, Inc., El Paso, TX, USA). EEG signals were digitized at the rate of 1000 Hz with a 0.10 Hz high-pass filter and a 200 Hz low-pass filter. Electrode impedances were kept below 10 kΩ Vertical and horizontal electrooculograms (EOGs) were monitored by an electrode located inferior to the right eye, and two electrodes on the right and left outer canthus, respectively. EEG data were processed offline using BrainVision Analyzer software (Brain Products, GmbH, Gilching, Germany). A 0.5 Hz high-pass digital filter with a 24dB/octave roll-off was used to attenuate low frequency artifacts, as well as a 60 Hz notch filter to remove line noise. Activity that exceeded +/− 100 μV was removed and blinks were initially corrected using an algorithm (Gratton et al. 1983 ). Participants were included in subsequent analyses only if they had at least 50 s of artifact-free EEG data (Lund et al. 1995) . There were no significant differences in the average duration of artifact-free EEG data segments across patient groups (SZ: M=149s, SD=35.75, BP: M=146s, SD=39.20, NC: M=151s, SD=34.16; p>.50 ).
Corrected EEG data was then transformed into reference-free current source density (CSD) estimates using a spherical Laplacian algorithm (Nunez et al. 1997; Mima and Hallett 1999) , which addressed several issues that may confound coherence between two scalp electrodes. For one, many of the commonly used referencing approaches, namely nose reference, linked earlobe or mastoid reference, and average reference, have all been shown to result in incorrect coherence estimates to a varying degrees (e.g., Fein et al. 1988; Nunez et al. 1997; Mima and Hallett 1999; Schiff 2005) . Using this reference-free measure would thus circumvent problems associated with the choice of reference (Nunez et al. 1997; Mima and Hallett 1999) . Further, this step removed volume conduction effects, which ensures the observed local coherence was not the consequence of two neighboring electrodes receiving signals from the same source (Nunez et al. 1997) . In other words, CSD estimates more accurately index the source of neuronal activity from the underlying generators (Nunez et al. 1997; Tenke and Kayser 2012) . Given minimal effects of reference and volume conduction on CSD estimates, coherence measures based on these estimates would more truthfully capture the relationship between two electrodes. CSD estimates were computed using the 4 th order spherical spline interpolation, and a maximal degree of Legendre polynomials of 10 (Perrin et al., 1989) .
Finally, we used independent component analysis (ICA) to further correct for ocular artifacts, such as microsaccades. ICA provides a more stringent method for correcting artifact, and it appears to effectively eliminate ocular artifacts that may have been overlooked in the aforementioned conventional threshold-based artifact rejection procedure (Keren et al. 2010; McMenamin et al. 2010; Shackman et al. 2010; Delorme et al. 2012 ). The ocular correction ICA was performed using the value trigger algorithm in semiautomatic mode to detect components associated with eye movements (Makeig et al. 1997) . Decomposition of components was performed with the biased, extended Infomax method on whole data with all the channels included. All subsequent computations were performed on the reference-free CSD estimates that were corrected for artifacts.
Power (μV 2 )-The corrected data were segmented into non-overlapping 2.048 s epochs, and fast-Fourier transforms were conducted using a Hanning window with 10% taper length. Each participant's data were averaged across the epochs for each electrode, and the mean absolute power was computed for each of the following frequency bands: Delta (0.5-4 Hz), Theta (4-8 Hz), Alpha1 (8-10 Hz), Alpha2 (10-12 Hz), Beta1 (12-20 Hz), Beta2 (20-30 Hz), and Gamma (30-50 Hz). A natural log transform was computed for all EEG power variables and individual electrodes were aggregated to create an average for the following regions: frontal (F7, F3, Fz, F4, F8), central (C3, Cz, C4), parietal (P7, P3, Pz, P4, P8), and temporal (FT7, T7, FT8, T8).
Coherence-Coherence was calculated within BrainVision Analyzer using the following equation:
, where CS(c 1 , c 2 )(f) = Σ c 1, i (f) c 2, i (f). For the same frequency bands as above, coherence values were computed from the cross spectrum of selected electrode pairs. Specifically, intrahemipsheric coherence was examined through electrode pairs F3-C3, F3-P3, F3-T7, C3-P3, C3-T7, P3-T7 on the left hemisphere, and F4-C4, F4-P4, F4-T8, C4-P4, C4-T8, P4-T8 on the right hemisphere. In addition, inter-hemispheric coherence was calculated between electrode pairs F3-F4, C3-C4, P3-P4, and T7-T8. All EEG coherence variables were transformed using an arcsin transform (Jelic et al. 2000) to better approximate a normal distribution.
Statistical Analysis
Preliminary analyses revealed that age, gender, and medication status showed systematic relationships with one or both diagnostic groups (see Table 1 ), therefore they were included as covariates in all power and coherence analyses. Participants with power values exceeding 3 times the interquartile range of the grand average within each diagnostic group for a particular frequency band at any region were excluded from the corresponding analysis. Significant main effects were followed up with post-hoc pairwise comparisons, which were adjusted using a Bonferroni correction. When assumption of sphericity was violated, the Greenhouse-Geisser estimates were reported. All statistical analyses were conducted in SPSS 16.0 (SPSS Inc., Chicago, IL, USA).
Power-Group differences in resting EEG power and topography were examined via repeated-measures ANOVA for each of the 7 frequency bands. Each omnibus ANOVA included one between-subject factor (Diagnosis: BD, SZ, and NC), and one within-subject factor (Regions: frontal, central, parietal, and temporal). To follow up significant interactions, we conducted one-way ANOVAs for each region.
Coherence-Separate repeated measures ANOVAs were conducted for the intrahemispheric and inter-hemispheric electrode pairs for each of the 7 frequency bands. To examine coherence within hemisphere, we conducted omnibus ANOVAs with intrahemispheric pairs that included one between-subject factor (Diagnosis), and two withinsubject factors (Hemisphere: left, right; Region: fronto-central, fronto-parietal, frontotemporal, centro-parietal, centro-temporal, parieto-temporal). To examine coherence across hemisphere, we conducted omnibus ANOVAs with inter-hemispheric pairs that included one between-subject factor (Diagnosis), and one within-subject factor (Region: frontal, central, parietal, temporal). To follow up significant interactions, we conducted one-way or two-way ANOVAs for each region or hemisphere.
Results

Demographics and Medical Characteristics
Analyses revealed age and gender effects on EEG power. Age was negatively correlated with Delta, Theta and Alpha2 power in the frontal region (all p<.05), but positively correlated with Beta1 and Beta2 power in the central region (all p<.05). There were also significant differences between genders in EEG power across all regions at Theta and both Alpha and Beta frequency ranges (all p<.05), with females displaying higher EEG power than men.
We conducted repeated measures ANOVAs to examine medication effects on EEG power. In BP, no significant effects of Medication were detected at any frequency. In SZ, there was a significant effect of Medication (F(1,129)=6.25, p=.014) at Alpha2, with unmedicated patients exhibiting greater power than medicated patients. There was also a significant Region by Medication interaction (F(3,387)=3.46, p=.024), driven by parietal (p=.002) and temporal regions (p=.014) only, whereby unmedicated patients showed greater power than patients on medication. At Beta1, there was a significant Region × Medication interaction (F(3,387)=3.15, p=.034) that was driven by the parietal region only (p=.009), with unmedicated patients displaying greater power. To account for these effects on our EEG variables, we included age, gender, and medication status as covariates in all subsequent analyses.
Power
The results of the omnibus repeated measures ANOVAs at each frequency band are presented in Table 2 . There was a significant main effect of Region at every frequency band. Accordingly, one omnibus ANOVA was calculated that included all frequencies, and found a significant main effect of Region (F(3,1014)=19.91, p<.001). EEG power at the temporal region was highest, followed by parietal, frontal then central region (all p<.001, except for parietal vs. temporal). The average EEG power of each region for each frequency for each of the three subject groups is presented in Table 3 .
There were no significant Diagnostic effects for Delta or Theta power. While both Alpha1 and Alpha2 showed a significant Region by Diagnosis interaction, follow-up analyses revealed no significant effect of Diagnosis for Alpha1 or Alpha2 at any region (all p>.05).
There were no consistent patterns of Alpha1 power across groups and regions, while Alpha2 power was numerically lower in SZ than BP and NC across regions.
There was a significant main effect of Diagnosis at Beta1, with BP exhibiting greater power than SZ (p=.008), as shown in Figure 1 . The significant Region by Diagnosis interaction indicated increased power for BP relative to SZ at central (p<.001) and parietal (p=.018) regions.
At higher frequencies, a significant main effect of Diagnosis was observed, with pairwise comparisons revealing increased power in BP relative to SZ at Beta2 (p=.002) and Gamma (p=.025).
Coherence
The results of the omnibus ANOVAs are presented in Table 4 . Similar to the power analyses, we conducted one overall omnibus ANOVA that included all frequencies to examine differences among regions. For intra-hemispheric coherence, this revealed a significant main effect of Region (F(5,1690)=4.50, p=.004). Pairwise contrasts revealed that intra-hemispheric coherence was maximal between central-parietal and minimal between frontal-parietal regions. For inter-hemispheric coherence, the main effect of Region was also significant (F(3,1014)=4.83, p=.004), with maximal inter-hemispheric coherence in the temporal region, and minimal coherence in the central region. Figure 2 depicts the strength of coherence within and across hemispheres for each group.
Intra-hemispheric Coherence-At Delta, there was a significant main effect of Diagnosis (Table 4) . SZ exhibited greater coherence than BP (p=.023) and NC (p=.003). There was also a significant Diagnosis by Region interaction. A main effect of Diagnosis was found in central-parietal (p<.001) and central-temporal (p=.019) regions. In pairwise comparison, SZ exhibited greater coherence relative to BP (p=.028) and NC (p<.001) at the central-parietal region, but only relative to NC (p=.035) at the central-temporal region. Follow-up analyses to a Diagnosis by Hemisphere interaction revealed a significant effect of Diagnosis over the left hemisphere only (p<.001), with SZ showing greater coherence than BP (p=.039) and NC (p<.001). There were no significant effects involving Diagnosis at Theta.
Alpha1 and Alpha2 showed a significant Diagnosis by Region interaction. For Alpha1, there was a main effect of Diagnosis at the central-temporal region (p=.004), whereby SZ exhibited greater coherence than NC (p=.003). A main effect of Diagnosis at the parietaltemporal region (p=.050) was also found, whereby BP exhibited greater coherence than NC (p=.05). At Alpha2, a significant effect of Diagnosis was found in both central-parietal (p=. 005) and parietal-temporal regions (p=.001). Pairwise comparisons at both regions revealed greater coherence by SZ and BP compared to NC (all p<.05).
A significant main effect of Diagnosis was found at Beta1, with SZ displaying lower coherence relative to NC (p=.006) and BP (p=.009).
While Beta2 showed a significant Hemisphere by Diagnosis interaction, there were no main effects of Diagnosis at either hemisphere (all p>.05). Nevertheless, NC showed numerically lower coherence on the left hemisphere but higher coherence on the right hemisphere than both patient groups, which may have driven the interaction. Gamma showed no significant effects of Diagnosis.
Inter-hemispheric Coherence-At Delta, there was a significant Region by Diagnosis interaction, driven by a significant main effect of Diagnosis in the frontal region (p = .008), with NC showing greater coherence compared to BP (p=.009) and SZ (p = .015).
Theta showed a significant Region by Diagnosis interaction, driven by a main effect of Diagnosis at central (p=.035) and parietal (p=.035) regions. While NC showed higher coherence across hemispheres than SZ (p=.039) at the central region, SZ showed higher coherence than BP (p=.035) at the parietal region.
There was a significant Region by Diagnosis interaction across both Alpha frequency bands. A main effect of Diagnosis was observed in the temporal region at both Alpha1 (p=.019) and Alpha2 (p=.006), with SZ showing greater coherence than NC (Alpha1: p=.027; Alpha2: p=.004).
At Beta1, there was a main effect of Diagnosis; while coherence was numerically lower in SZ relative to NC, this pairwise comparison was not significant (p=.081). Beta2 and Gamma showed no significant effects of Diagnosis.
Clinical Characteristics
To examine whether clinical symptoms predicted EEG power and coherence, we ran separate univariate regression analyses for each frequency band that showed significant effects of Diagnosis for the two groups of patients. Given the large number of regression analyses conducted, we performed a Sidak correction for each measure of EEG (i.e. FFT, intra-hemispheric and inter-hemispheric coherence). For BP, the predictors included both YMRS and MADRS, whereas for SZ, the predictors included the positive, negative and disorganized factors of the PANSS. We found that YMRS significantly predicted power in the frontal region at Beta2 (F(2,58)=4.73, p=.013; β=.376, p=.004) for BP. Nevertheless, the regression model did not survive Sidak correction once age, gender, and medication were included (F(5,55)=2.70, p=.030; β=.372, p=.005). Clinical symptoms as measured by the PANSS did not significantly predict power nor coherence in our sample of SZ.
Discussion
The present study examined whether resting EEG power and coherence abnormalities in BP are distinct from those in SZ. Beta and gamma power were increased in BP relative to SZ (which may be associated with mania symptoms), as well as higher intra-hemispheric coherence at beta. In contrast, SZ exhibited a general increase in coherence at delta within hemispheres, and theta across hemispheres compared to BP. They also showed greater intraand inter-hemispheric coherence relative to NC at alpha. Together, the distinct patterns of resting EEG abnormalities in these two clinical populations suggest the potential for EEG to differentiate between the neurophysiological processes affected by the two disorders.
Given the absence of an external task during recording, the functional interpretation of EEG power and coherence at rest has posed a challenge for researchers. One approach has been to establish a relationship between EEG and MRI or cognitive measures. For example, DMN activation and resting EEG across frequencies are positively correlated, (Laufs et al. 2003; Mantini et al. 2007; Jann et al. 2010; Fingelkurts and Fingelkurts 2011) , and EEG band power predicts variance in functional connectivity within the DMN (Hlinka et al. 2010 ). The convergence of findings from EEG and fMRI studies indicate that synchronization of neural activity may provide the scaffolding for mental activity and cognitive processing (Varela et al. 2001; Ward, 2003) . Of relevance, aberrant activation of several regions in the DMN and resting state networks have been shown in SZ (Whitfield-Gabrieli et al. 2009; Ongür et al. 2010; Chai et al. 2011; Wolf et al. 2011 ) and BP (Ongür et al. 2010; Chai et al. 2011) . Given these findings, we now discuss several key issues within our data.
First, increased beta power at high frequencies was found in BP relative to SZ. In terms of EEG signatures of network activation, several studies have converged on the finding that beta power positively correlates with activity in the DMN (Hlinka et al., Laufs et al., 2003; Mantini et al., 2008) . Given the association between the DMN and mind wandering (Christoff et al., 2009; Kirschner et al., 2011; Mason et al., 2007) , this may suggest that BP more frequently attend to internal thoughts. In terms of the functional interpretation, beta power may index the detection of novel stimuli (Brenner et al. 2009; Kopell et al. 2011) . Interestingly, novel stimuli induce significantly more activation in the parietal region (Arbabshirani et al. 2012) , and this region also shows greater synchronous activity with the DMN found in BP relative to SZ and NC (Ongür et al. 2010) . Given this pair of results, the robust increase in beta power at rest observed in our study may indicate that BP are more responsive to novel stimuli in the environment, an effect that corresponds to recent findings (Minassian et al. 2011) . Importantly, that mania symptoms predicted beta power in BP in our study suggests that perhaps these symptoms are driven by erratic oscillations between internal trains of thought and distraction by novel stimuli. This notion of spontaneous fluctuation in attentional allocation is supported by recent findings of increased EEG fractal dimension in mania, which indexes the extent of irregularity of a signal (Bahrami et al. 2005) .
A second and related issue concerns the potential confound of muscle artifacts in high frequency abnormalities observed in our clinical populations. While muscle and ocular artifacts have been shown to bias high frequency activity (e.g., Whitham et al. 2007; YuvalGreenberg et al. 2008; Shackman et al. 2009 ), this explanation seems unlikely in our data for several reasons. For one, ICA has been shown to effectively eliminate ocular artifacts that may have been overlooked in the traditional threshold-based artifact rejection procedure especially in the low and high frequencies (Keren et al. 2010; Shackman et al. 2010 ). This step would thus minimize residual effects of artifacts on our EEG variables. Further, if artifacts were the cause of high frequency abnormalities, they would be more likely to manifest in SZ since this clinical population has been associated with higher levels of ocular artifacts (Chan and Chen 2004; Chan et al. 2010 ). However, we observed greater beta power in BP instead. Collectively, that muscle artifacts alone led to the high frequency abnormalities observed in our sample appears to be an unlikely explanation.
Third, there was an absence of significantly increased low frequency power in our sample of SZ, a finding that was commonly reported in previous studies Gattaz et al. 1992; Sponheim et al. 1994; . Of note, the mean power values for delta and theta activity were both increased in the SZ group, but this difference did not reach significance. There are several possible explanations that may account for this disparity. First, we assessed power using CSD rather than voltage values. Second, while we employed ICA to correct for artifacts, many previous studies performed traditional threshold-based ocular artifact correction Gattaz et al. 1992; Sponheim et al. 1994) . Third, our samples may differ in terms of clinical characteristics from other studies. For example, several previous studies recruited drug-free SZ (Gattaz et al. 1992; Miyauchi et al. 1996) , whereas the current study recruited SZ regardless of their medication status but statistically accounted for medication use in analyses. Future studies are necessary to determine whether increased low frequency power is a unique characteristic of schizophrenia or a function of either methodology or medication effects.
A fourth key issue pertains to our finding that SZ exhibit greater connectivity at rest compared to not only NC but also BP. Given that EEG was recorded during rest as opposed to a cognitive task, the increased coherence suggests that SZ tend to expend energy in potentially excessive or inefficient neural processing. Although overall coherence values in our study were low, our finding of differences in resting connectivity between SZ and NC are consistent with previous reports (e.g. Mann et al. 1997; Nagase et al. 1992; Wada et al. 1998; Yeragani et al. 2006) . Also in line with our results, a recent study showed greater coherence activity within the frontal regions of the DMN in SZ relative to BP (Ongür et al. 2010) . Of importance, the electrophysiological abnormalities in neural connectivity we report are consistent with the structural and functional anomalies observed in SZ. For example, an increased number of long distance white matter tracts (Hubl et al. 2004 ) as well as greater functional connectivity within the DMN at rest (Whitfield-Gabrieli et al. 2009; Wolf et al. 2011 ) have been found in SZ. Together, this pattern of increased neural synchronization may reflect network activity in the resting state that is less selectively organized, consistent with suggestions that SZ may be associated with inefficient neural processing (Macdonald et al. 2005; Ragland et al. 2008; Karch et al. 2009 ).
In conclusion, we found that both clinical populations exhibited increased alpha coherence within hemisphere relative to controls. However, BP was uniquely characterized by increased high frequency power while SZ was uniquely characterized by increased low frequency connectivity within and across hemispheres. This study highlights the value of resting EEG in providing a sensitive measure for differentiating clinical diagnostic groups. The proposed research will examine the effects of the 2 primary components of cannabis sativa, specifically THC and cannabidiol, on associative learning in rats.
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